Influenza D virus (IDV) is a newly described influenza type of the Orthomyxoviridae virus family that was first isolated from diseased swine in 2011 and has subsequently been detected in cattle around the world in 2014. In addition, serological evidence for IDV infection in humans has been recently established. Despite all the progress, the full range of susceptible hosts for this novel virus has yet to be determined, but includes swine, bovine, small ruminants and human. This study was designed to deter- 
Summary
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| INTRODUCTION
The Orthomyxoviridae virus family has three influenza genera, A, B and C, which are classified according to antigenic differences in their nucleoprotein and matrix proteins (Palese & Shaw, 2007) . The fourth genus of influenza, named influenza D, has been recently described (https://www.cdc.gov/flu/about/viruses/types.htm). Influenza D (IDV) represents a novel type of virus more closely related to influenza C (ICV) than influenza A (IAV) or influenza B (IBV). IDV uses bovine as its primary reservoir, and has been isolated from cattle herds from † These authors equally contributed to this work. multiple countries including the following: China, France, Italy and the United States (Chiapponi et al., 2016; Ducatez, Pelletier, & Meyer, 2015; Hause et al., 2013 Hause et al., , 2014 Jiang et al., 2014) . Susceptibility to infection by this novel virus has also been demonstrated in swine, sheep, goats, guinea pigs and ferrets (Hause et al., 2013 (Hause et al., , 2014 Quast et al., 2015; Sreenivasan et al., 2015) . In addition, serological evidence for IDV infection in humans has been recently established (White, Ma, McDaniel, Gray, & Lednicky, 2016) .
The worldwide prevalence and broad species tropism of this new influenza virus represents a growing potential threat to humans and other agricultural species. Many species are vulnerable to influenza infection, including humans; therefore, it is important to identify other potential hosts of this novel type. The primary goals of this study were to investigate the seroprevalence of IDV in American equine populations by conducting multiple serological surveys, as well as studying the antibody prevalence in this animal host of human ICV, which is closely related to IDV. (Hause et al., 2014) . Influenza C/human/Johannesburg/1/1966, originally isolated from humans, was produced in the same manner.
| MATERIALS AND METHODS

| Cell culture, reference serum and virus production
To better promote viral growth, DMEM maintenance media was supplemented using 1 μg/ml tolylsulfonyl phenylalanyl chloromethyl ketone (TPCK) trypsin (Sigma, St. Louis, MO, USA) and 1% penicillin and streptomycin (Life Technologies, Carlsbad, CA, USA). Virus titre (TCID 50 per ml) was measured using both the Reed and Muench's method (Reed & Muench, 1938) and the hemagglutination assay as 
| Serology
Hemagglutination inhibition (HI) and MDCK-based microneutralization (MN) assays were employed as described in the WHO standard manual and previous literature to detect antibody titres (Ran et al., 2015) (www.who.int/influenza/en/), with minor revisions to the MN assay for use with ICV and IDV. Our revision for the MN assay was that virus was cultured on MDCK cells in 96-wells plates in the presence of serially diluted serum for 120 hr (5 days) to ensure that the slow-growing ICV and IDV viruses could reach a detectable titre level if they hadn't been neutralized by the antibodies present in the serum.
For the assessment of titre, Turkey red blood cells (Lampire Biological Laboratories, Pipersville, PA, USA) were used in both the HI and MN assays. For both the MN and HI assays, a titre of 40 was used as the threshold to describe a positive sample in accordance with the WHO protocols (www.who.int/influenza/en/) and an additional confirmation study (Wood et al., 2012) . HI and MN assays were tested in duplicate, and HI or MN titres were described as the reciprocal of the final serum dilution that blocks viral ability to agglutinate red blood cells or inhibit viral replication, respectively. All samples were assayed in three separate experiments, and the antibody titres were determined as the mean of these triplicate data.
| Serum sample collection
Three hundred and sixty-four equine samples were collected dur- 
Impacts
• We found serological evidence that equine is susceptible to infection by newly emerged influenza D virus. Based on this observation, horses should be added into the host range of this novel zoonotic influenza virus that already includes bovines, swine, sheep, and goats and human.
• Multiple lineages of influenza D viruses co-circulated in horse populations of the Midwest United Stated.
• Our findings continue to support the need for further surveillance of IDV viruses in agricultural species to work towards a better understanding of the full host range and natural reservoirs of influenza D virus.
through the ADRDL at SDSU. The 100 samples were collected from horses from farms or ranches in Iowa (IA), Minnesota (MN), Nebraska (NE) and South Dakota (SD). Anti-sera against two IDV lineages (D/OK and D/660) and one human ICV (C/JHB) was generated from rabbits via immunization as described above, and collected for use as antibody controls and for the purpose of testing cross-reactivity between ICV and IDV.
| RESULTS AND DISCUSSION
We first investigated the potential cross-reactivity between IDV and ICV by the HI assay. Rabbit reference anti-sera to two IDV lin- Bovine, swine and small ruminant species are known to host IDV (Hause et al., 2013 (Hause et al., , 2014 Quast et al., 2015) . To determine if the equine population is susceptible to IDV, we tested 364 horse serum samples gathered in 2015 from six states (IA, MN, ND, NE, SD, WY), as well as 100 more samples gathered in 2016 from four states (IA, MN, NE, SD). All of the above samples were also analyzed for the presence of ICV antibodies. All samples were tested for virus-specific antibodies via the standard hemagglutinin inhibition assay (HI) in triplicate.
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40 (Quast et al., 2015; Ran et al., 2015) . Based on the MN results, the HI seroprevalence results appear to be accurate for all three virus lineages, confirming the presence of IDV and ICV within American equine populations. It should be noted that despite the overall agreement between HI and MN assays, several outliers were observed. For example, three samples (IDs# 4, 6, 21) in Table 3 and one sample (IDs# 19, 23) , tested positive in the HI assay, did not contain measurable neutralizing antibodies in the MN assay. The discordance may be caused by suboptimal quality of these samples after the long-term storage process. We also found that some samples (IDs 4, 5, 17, 18, 21, and 22 in Table 3 and ID# 71 in Table 4 ) tested negative by HI, turned out to be positive in the MN assay. This inconsistency is likely due to more sensitive nature the MN assay offers in the antibody detection. Another possibility is that the MN assay could detect other functional antibodies within the horse serum, such as those blocking virus-cell fusion, which could not be detected by HI assay.
In summary, we presented serological evidence that equines are susceptible to IDV and ICV infections. A previous study had showed that ICV antibodies were present in horses (Ditchfield & Macpherson, 1965) . Based on these findings, horses should be added into the host range of this novel influenza virus that already includes bovines, swine, sheep and goats (Chiapponi et al., 2016; Ducatez et al., 2015; Ferguson et al., 2016; Hause et al., 2013 Hause et al., , 2014 Jiang et al., 2014; Quast et al., 2015) . 6  60  160  80  160  --11  ------12  ------13  50  80  40  80  --19  ----40  -21  ----40  80   23  ----40  -25  ----60  40   30  ----40  160   32  ----60  80   71  -80  40  40  --91  ----40  40   92  ------93  ------ A "-" indicates the samples were negative to the virus.
